Conformational changes of membrane-bound (Na+--K+)-ATPase as revealed by trypsin digestion.
To distinguish ligand-induced structural states of the (Na+--K+)-ATPase, the purified membrane-bound enzyme isolated from rat kidneys was digested with trypsin in the presence of various combinations of Na+, K+, Mg++ and ATP. It was found that first the large and then the small polypeptide chain of the (Na+--K+)-ATPase was degraded, indicating that the lysine and arginine residues of the large chain are more exposed than are those of the small one. The (Na+--K+)-ATPase activity was inactivated in parallel with the degradation of the large polypeptide chain. After the degradation of the large polypeptide chain, about 75% of the (Na+--K+)-ATPase protein remained bound to the membrane, demonstrating that the split protein segments were only partially released. It was found that the combinations of ATP, Mg++, Na+ and K+ present during trypsin digestion influenced the time course and degree of degradation of the (Na+--K+)-ATPase protein. The degradations of the large and the small polypeptide chain were affected in parallel. Thus, certain ATP and ligand combinations influenced neither the degradation of the large nor the degradation of the small polypeptide chain, whereas by other combinations of ATP and ligands the degree of susceptibility of both polypeptide chains to trypsin was equally increased or reduced. In the absence of ATP the time course of trypsin digestion of the (Na+--K+)-ATPase was the same, whether Na+ or K+ was present. With low ATP concentrations (e.g., 0.1 mM), however, binding of Na+ or K+ led to different degradation patterns of the enzyme. If a high concentration of ATP (e.g. 10 mM) was present, Na+ and K+ also influenced the degradation pattern of the (Na+--K+)-ATPase, but differentially compared to that at low ATP concentrations, since the effects of Na+ and K+ were reversed. Furthermore, it was found that the degradation of the small chain was only influenced by certain combinations of ATP, Mg++, Na+ and K+ if the large chain was intact when the ligands were added to the enzyme. The described results demonstrate structural alterations of the (Na+--K+)-ATPase complex which are supposed to include a synchronous protrusion or retraction of both (Na+--K+)-ATPase subunits. The data further suggest that ATP and other ligands primarily alter the structure of the large (Na+--K+)-ATPase subunit. This structural alteration is presumed to lead to a synchronous movement of the small subunit of the enzyme. The structural state of the (Na+--K+)-ATPase is regulated by binding of Na+ or K+ to the enzyme-ATP complex. The effects of Na+ and K+ on the (Na+--K+)-ATPase structure are modulated by the ATP binding to "high affinity" and to "low affinity" ATP binding sites.